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Introduction
Halogenated aromatic hydrocarbons (HAH), such as TCDD, cause developmental
toxicity in most vertebrates. They are also common environmental contaminants that
are formed as by-products of industrial synthesis, and are found in marine, freshwater,
and terrestrial environments (Peterson, et al. 1993).
Toxic effects of HAH compounds are mediated by aryl hydrocarbon receptors
(AHRs), soluble receptors that act as ligand-dependant transcription factors (Figure 1).
Abstract
Xenopus laevis embryos and tadpoles were treated with 2,3,7,8-
tetrachlorodibenzo-p-dioxin (TCDD) and measured global gene expression was
measured using Affymetrix gene chips. Despite treating the tadpoles with a dose that
is approximately 10-100 fold higher than the LD50s for fish embryos, a very small
number of genes were induced or repressed with TCDD treatment. In embryos, only 3
genes were induced and 12 genes were repressed and tadpoles, only 6 genes were
induced and 9 genes repressed more than 1.3-fold. Within this group of genes, many
of them could be categorized as proteins associated with either extracellular matrix or
cardiac structure. CYP1A6 and CYP1A7 were the most strongly induced. Interestingly,
CYP1A7 was induced readily in both embryos and tadpoles. In the tadpoles, CYP1A6
is more easily induced by TCDD exposure. This difference in expression has never
been seen before.
Frogs are particularly insensitive to TCDD toxicity in early life stages (Jung and
Walker, 1997). Previous observations indicated that early life stages of X. laevis are
refractory to CYP1A induction by TCDD (Lavine, et al. 2005). This is unusual, because
fish and mouse CYP1As are readily inducible by TCDD as early as the blastula stage
(Guiney, et al. 1997). Studies done in our lab have indicated that AHRs are present in
X. laevis embryos, even at very early life stages (Dengler, 2005).
Figure 1: Diagram of the molecular
mechanism of AHR activation of genes.
AHR binds dioxin in the cytoplasm,
translocates to the nucleus where it
dimerizes with ARNT, and this complex
binds XREs to elicit gene response. These
changes in gene expression are thought to
underlie toxicity.
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Materials and Methods
Breeding and collection of embryos:
One male and one female X. laevis frog was
injected with human chorionic gonadotropin
hormone to induce breeding. Both frogs were
placed in a breeding chamber, and left in the dark
overnight. Embryos were collected after
approximately 24 hours.
Figure 2: A pair of X. laevis
frogs, breeding
Body Burden Determination:
The total volume of solubilized tadpole was placed in a scintillation vial with 10 mL
of Hionic Fluor (Packard BioScience, Meriden, CT). The 3H emission was measured
with a scintillation counter, and total body burden of TCDD calculated.
RNA extraction and preparation for labelling:
Total RNA was extracted from samples using RNA STAT-60 protocol (Tel-Test Inc,
Friendswood, TX). RNA was dissolved in 10mM Tris-HCl pH 8, containing 1x RNA
Secure reagent (Ambion, Austin , TX). RNA samples were cleaned up using the
Qiagen RNeasy MinElute Cleanup Kit (cat # 74204), according to the manufacturer’s
protocol (Qiagen Valencia, CA).
Integrity of RNA was determined using the Agilent 2100 bioanalyzer and RNA 6000
Nano LabChip® kit according to manufacturer’s protocol (Agilent Technologies, Palo
Alto, CA).
Sample Preparation and microarray chip hybridization:
RNA samples were converted to biotin-labeled cRNA and fragmented using
Affymetrix protocols. Individual samples were applied to chips, which were incubated
overnight. Sample solutions were removed, and the chips were scanned with the
Affymetrix GC3000 7G Scanning equipment.
Data Analysis:
Analysis was performed with the help of Dr. Brian Jones from the Kenyon College
math department. A list of genes that were significantly differentially expressed with
treatment of TCDD was generated using two-way ANOVA tests.
Treatment of embryos
Treatment dishes were prepared with either 5.0 nM 3H-TCDD or DMSO in FETAX
buffer. Embryos were collected and sorted in groups of approximately 50 and
transferred to treatment dishes. Dishes were placed in a 26º C incubator for
approximately 24 hours.
Half of the embryos from each 3H-TCDD treated dish were transferred to
scintillation vials. Embryos were weighed, dissolved in 2 mL of tissue solubilizer, and
placed at 55° C until completely dissolved. The remaining dishes or portions of dishes
were collected in cryovials. Samples were weighed, flash-frozen, and stored at -80° C.
Treatment of tadpoles
Embryos were obtained from breeding or ordered from NASCO (Fort Atkinson, WI).
Each tadpole was placed in a large weighboat, blotted and weighed. Then they were
dosed with 69,376.3 pg of TCDD/ gram of tissue or an equivalent volume of DMSO,
spread over the heart and belly. Tadpoles were placed in separate beakers of FETAX,
based on treatment group. Beakers were placed in a 26º C incubator for approximately
24 hours.
Three of the 3H-TCDD- treated tadpoles were weighed, treated with 2 mL of tissue
solubilizer, and placed at 55º C until completely dissolved. All other tadpoles were
weighed, placed in cryovials, flash-frozen, and stored at -80º C.
Results and Discussion
• There were 528 genes were identified by the ANOVA tests as being significantly
differentially expressed. In embryos, 28 genes were significantly induced and 270 were
significantly repressed with TCDD treatment, and in tadpoles, 100 genes were induced
and 129 were repressed.
• Many of these genes were only induced or repressed to a very small degree,
however. In embryos, only 3 genes were induced and 12 genes were repressed and in
tadpoles, only 6 genes were induced and 9 genes repressed more than 1.3-fold (Figure
3 and 4).
Figure 3: Genes that were induced or repressed at least 1.3-fold in response to
TCDD treatment in stage 36-37. Red indicates a relative increase in expression,
and green indicates a relative decrease in expression.
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Central question: Is AHR signaling 
broadly repressed in early life stages, or is it 
just the CYP1A genes that are selectively 
repressed? 
Figure 4: Genes that were induced or repressed at least 1.3-fold in response to 
TCDD treatment in stage 52-55. Red indicates a relative increase in expression, 
and green indicates a relative decrease in expression. 
• Genes that were differentially expressed at least 1.3-fold fell into several
categories:
• extracellular matrix (ECM)- MMP-13 or collagenase degrades collagen
type I and Hyaluronan synthase 2 (HAS2)
• ATP synthase, H+ transporting mitochondrial F1 complex
• cardiac structure- cardiac myosin
• xenobiotic metabolism- CYP1A6, CYP1A7
• Both ATP synthase, H+ transporting mitochondrial F1 complex and cardiac
myosin were also differentially expressed with TCDD treatment in zebrafish
(Handley-Goldstone, et al. 2006, Andreason, et al. 2006).
• One of the most surprising findings involves the expression profiles of
CYP1A6 and CYP1A7 (Figure 5).
• There was higher overall expression of both CYP1As in tadpoles than in
embryos.
• CYP1A6 was more responsive to TCDD in tadpoles, as we expected,
however, CYP1A7 was equally responsive in both young and older animals.
• Previous studies in our lab had indicated that both CYP1A6 and CYP1A7
were more TCDD responsive in tadpoles, but this appears not to be the
case.
Much of the biological significance of these results has yet to be
determined, but important connections to other studies are already being
identified.
• Although embryos were dosed with a body burden of TCDD that is 10-100 fold
more than the LD50s for fish embryos, very few genes were differentially
expressed, compared to results in Danio rerio (zebrafish), which yielded a list of
372 genes that were differentially expressed at least 2-fold (Andreason, et al
2006).
•This finding is consistent with our knowledge of low-affinity AHR receptors and
dioxin insensitivity in frogs (Lavine, et al. 2005).
Figure 5: Interaction plot for CYP1A6 (A) and CYP1A7 (B). There was an interaction 
between age and treatment with CYP1A7 but there was not such an interaction in 
CYP1A6. Based on previous data, we would not expect an interaction between age 
and treatment for gene expression of CYP1A6 or CYP1A7.
A
B
